Background: Emerging evidence has shown that night-eating syndrome is correlated to depressive symptoms. However, these studies were mainly small-scale investigations.
Introduction
Depression is a common psychiatric disorder, characterized by persistent sadness and a loss of interest in activities. It can be long-lasting or recurrent, substantially impairing an individual's ability to function at work or school or cope with daily life. When maximally severe, it can even lead to suicide. 1 Moreover, depressive symptoms were critical risk factors for loss of life, 2 even at low levels of symptom severity. 3 Evidence has shown that the prevalence of depressive symptoms was higher in younger than middle-aged and older adults, which indicates the importance of preventing depressive symptoms in younger people. 4 In China, the overall prevalence of depressive symptoms among college students was high. The reported prevalence of depression among the 39 individual study populations ranged from 3.0% to 80.6%, with a pooled prevalence of 23.8%. 5 This previous study revealed that the prevalence of depressive symptoms in southern areas of China was higher than in northern areas of China. This variance could be explained by differences in education, family income, medical insurance, and other social-culture factors between southern and northern parts of China. 5 This suggests that it is important to pay more attention to the development of appropriate mental health-care strategies for university students in China.
Emerging evidence has indicated that night-eating syndrome may be a potential contributor to depressive symptoms. The clinical phenomenon of night-eating syndrome was first described by Stunkard et al 6 as a disordered eating style characterized by morning anorexia, evening hyperphagia, and insomnia. Geliebter et al reported that the subjects with night-eating syndrome, primarily an eating disorder, were more likely to have a depressed mood. 7 Most recently, a study of 301 Italian non-clinical adolescents aged 15-19 years indicated a significant association between nighteating syndrome and depressive symptoms. 8 We previously reported that habitual snacking after dinner was significantly associated with the incidence of depressive symptoms in Japanese middle-aged adults during a 2-year follow-up. 9 Moreover, we found an interaction effect of snacking after dinner and dining shortly before bedtime on depressive symptoms. 9 Although the association between night-eating disorders and depressive symptoms has been examined by several studies, such an association in young adults is still unclear. Furthermore, a large-scale epidemiological investigation is needed to confirm the association of night-eating syndrome with depressive symptoms.
Thus, this study aimed to investigate the association between night-eating syndrome and depressive symptoms among Chinese college students. Further, the second purpose of the current study was to determine whether nighteating syndrome was linearly (or nonlinearly) associated with depressive symptoms.
Methods

Study Participants
The data for this study were taken from the baseline survey of the project of Fitness Improvement Tactics in Youths (FITYou), which is a research project dedicated to promoting the physical and mental health of college students. The data were collected through health checkups, physical fitness tests, and self-reported questionnaires. The main indicators included blood parameters, body composition, physical fitness, mental health, and quality of life, etc. The FITYou Project seeks to find the risk factors affecting the health status of college students through socioeconomic status and lifestyles. Details of the FITYou Project are described elsewhere. 10 In September 2017, 4717 freshmen from Shenyang Normal University in China were invited to participate in the study, of which 4323 agreed to participate and submitted written informed consent (response rate = 91.6%). In addition, 218 students had missing data on physical examination, 436 on depressive symptoms, and 259 on night-eating behaviors. Among the remaining 3410 students, data were missing on sex (n=9), age (n=31), body mass index (BMI) (n=8), smoking status (n=11), drinking status (n=36), and sleep duration (n=37) to different degrees. Finally, a total of 3278 freshmen were included in the study. The study was conducted in strict adherence to the Helsinki Declaration, 11 protecting the rights of participants and ensuring their safety. The research plan was approved by the Ethics Committee of College of Education, Zhejiang University.
Assessment of Depressive Symptoms
The Self-rating Depression Scale (SDS) is a tool for measuring depressive symptoms. It was developed by Zung in 1965. 12 SDS has a good internal consistency with a Cronbach alpha exceeding 0.8 among the general population. 13, 14 It consists of 20 items, including two on psycho-emotional symptoms, eight on physical disorders, two on psychomotor disorders, and eight on depressive psychological disorders. Each item was divided into four grades according to the frequency of symptoms, 10 of which were positive scores and 10 were reverse scores. If it is a positive score, it is rated as 1, 2, 3, and 4 points in turn; the reverse score is rated as 4, 3, 2, and 1. After the evaluation is completed, the scores of the 20 items are added together to obtain the total coarseness, and then the coarse fraction is multiplied by 1.25 to obtain the integer part, and the standard score is obtained. According to the Chinese version of the scale, the SDS standard score is 53 points. 15 In this study, depressive symptoms were defined as having SDS scores ≥53.
Assessment of Night-Eating Syndrome
Night-eating syndrome was assessed using the night-eating questionnaire (NEQ), which is a validated 14-item instrument asking respondents to rate their night-eating behaviors. 16 The Cronbach's alpha for the total scale was 0.70. 16 A 5-point Likert scale is used to measure the severity of symptoms associated with this syndrome. It measures four features of night-eating, including nocturnal ingestion, evening hyperphagia, morning anorexia, and mood/sleep. The total score of 13 items ranges from 0 to 52, and each item is scored from 0 to 4. Higher scores indicate more severe pathology. Two commonly used cutoff values of night-eating syndrome are ≥25 or ≥30 points, 16 and both were used in this study. Also, NEQ scores were divided into 4 categories according to its distribution to examine the linear or quadratic trends of SDS scores in quartiles of NEQ scores.
Relevant Covariates
The potential covariates regarding sociodemographic (sex and age) and lifestyle-related factors (smoking status, alcohol use, and sleep duration) were assessed using a selfadministered questionnaire. Age was calculated based on the birthdate and date of anthropometric examination. Lifestyle-related information containing questions about smoking status (current, former, or never), alcohol use (current drinker, non-drinker), and sleep duration (<6, 6-7, 7-8, >8 hrs) were obtained directly through multiple choices in the questionnaire. The anthropometric parameter of BMI was calculated using the height and weight [body weight (kg)/height (m 2 )], which were measured in health examinations by medical practitioners. BMI was used as a continuous variable for statistical analysis.
Statistical Analysis
For participants' characteristics according to night-eating syndrome, t-test was used for continuous variables and chi-squared test for categorical variables. Dichotomous variables were described as percentages, and continuous variables were expressed as arithmetic means (standard deviations [SD]).
To examine the association between night-eating syndrome and depressive symptoms, logistic regression analyses were used to show the odds ratios (ORs) and 95% confidence interval (CI) of depressive symptoms in college freshmen with night-eating syndrome, and they were compared with those without the syndrome. In multivariable analyses, there were three statistical models adjusted for covariates. Model 1 included age and sex. Model 2 added lifestyle-related variables, such as smoking status, alcohol use, and sleep duration. Model 3 further added BMI as a covariate. Moreover, to determine the linear or quadratic association of night-eating syndrome and depressive symptoms, analysis of covariance was also conducted. A Bonferroni's test was then used to assess the difference among each category of NEQ scores. Data were shown as mean and 95% CI.
All tests were two-tailed, and p < 0.05 was considered statistically significant. All statistical analyses were executed using IBM SPSS Statistics 22.0 software (IBM Corp, Armonk, NY, USA).
Results
Participants' Characteristics
According to the descriptive analysis, a proportion of female college freshmen accounted for 71.7% (n=2349) of 3278 study participants. Average age (± SD) of the total sample was 18.4 ± 1.3 years. Average NEQ scores were 28.2 ± 3.9 points, and the prevalence of night-eating syndrome was 9.2% (n=303) for NEQ ≥25 points and 5.4% (n=176) for NEQ ≥30 points. The prevalence of depressive symptoms was 21.3% (n=697) in this study. Table 1 shows the characteristics of the study participants according to night-eating syndrome. When night-eating syndrome was defined as NEQ score ≥25 points, participants with night-eating syndrome tended to be male (p = 0.007), be older (p = 0.031) and have longer sleep duration (p = 0.051) than those without the syndrome. Associations of the syndrome with other variables including smoking status, alcohol use, and BMI were not observed. A significant association between sex (male) and night-eating syndrome was also found, but not other variables, when night-eating syndrome was defined as NEQ score ≥30 points.
Association Between Night-Eating Syndrome and Depressive Symptoms
Logistic regression analysis showed that the students with the syndrome had a higher prevalence of depressive symptoms ( Figure 1) , with ORs (95% CI) of 2.52 (1.96, 3.23) for NEQ ≥25 points (p < 0.001) and 3.19 (2.34, 4.35) for NEQ ≥30 points (p < 0.001). Table 2 shows the results of multivariate logistic regression analysis. The results of the three statistical models were consistent with the nonadjusted analysis, and night-eating syndrome (NEQ ≥30) was positively associated with depressive symptoms (p < 0.001 for all models). In the fully controlled model (Model 3), students with night-eating syndrome had a 3.28-fold higher probability of having depressive symptoms than those without the syndrome. (Table 3) . Bonferroni's test indicated that SDS score in the highest quartile of NEQ was significantly higher than in the other three groups. These associations were confirmed after adjusting for several potential confounding factors (p < 0.001 for all models).
Discussion
In this large-scale cross-sectional study, we examined the association between night-eating syndrome and depressive symptoms among Chinese college freshmen. The results showed that the prevalence of night-eating syndrome and depressive symptoms were 5.4% and 21.3%, respectively. The students with night-eating syndrome tended to have higher depressive symptoms than those without the syndrome. Moreover, a linear and quadratic association between NEQ quartiles and SDS scores was also observed. As the night-eating behaviors could be modifiable, it is considered to be potentially valuable targets for the prevention of depressive disorders.
The present study found a positive association between night-eating syndrome and depressive symptoms, which is consistent with several previous studies. Geliebter et al reported that the people with night-eating syndrome were more likely to have a depressed mood than those without the syndrome, by using univariate analysis. 7 A cross-sectional study including 404 Korean nurses indicated that those with night-eating syndrome were 1.65 times more likely to have a greater severity of depressive symptoms than those without the syndrome. 17 Another observational study investigated the prevalence of night-eating syndrome among patients with major depression and clinical differences between patients with and without night-eating syndrome. Results showed that the syndrome was significantly associated with the severity of depression. 18 In a sample of 1514 young adults aged 18-26 years in Switzerland, compared to healthy controls, individuals with night-eating syndrome reported more pronounced eating disorder pathology as well as depressive symptoms. 19 Our previous prospective finding showed an interactive impact of snacking after dinner and dining shortly before bedtime on depressive symptoms among 376 Japanese middle-aged employees during a two-year followup period. 9 A short-term behavioral intervention using education, relaxation strategies, and exercise is efficacious in relieving the symptoms of night-eating syndrome and depression. Reductions in night-eating syndrome scores were significantly associated with reductions in measures of depression in the interventional group. 20 The present study confirmed the covariates-adjusted association of night-eating syndrome with depressive symptoms in a population of Chinese college students using a large-scale sample. The prevalence of depressive symptoms in this study accounted for 21.3% of the total study sample, which is similar to that among other college students from China. The reported prevalence of depression among the 39 individual study populations ranged from 3.0% to 80.6%, with a pooled prevalence of 23.8%. 5 On the other hand, the prevalence of night-eating syndrome (5.4%) was higher than other college students from China (0.4%) 21 and USA (4.2%). 22 The prevalence of night-eating syndrome was as high as 9.2% when NEQ ≥25 points was used to define the syndrome. This reflects the urgent need for improvement in the eating behaviors of college students in northeast China.
There are two possible mechanisms underlying the association between night-eating syndrome and depressive symptoms. First, decreases in serotonin in nighteaters may play a role in the progress of depressive symptoms. Night-eaters had significantly greater serotonin transporter uptake ratios in the midbrain than healthy controls did. 23 These findings reflect a syndrome-specific increase in serotonin transporter that results in an overall decrease in serotonin within the synapse, which may be involved in the pathophysiology of night-eating syndrome. It is well-known that lower circulating serotonin levels were associated with a higher prevalence of depressive symptoms. 24 Second, night-eating syndrome was accompanied by disordered biological rhythm. A previous study by Haraguchi et al suggested that the night-eating syndrome feeding pattern causes a shift of phases of peripheral clocks, which may result in the development of time-specific depression. 25 Some study limitations were summarized as follows. First, causal inference from cross-sectional studies is limited. We cannot confirm the causal relationship between night-eating syndrome and depressive symptoms. Second, research data were collected from a single university, which may result in selection bias. The findings could not be generalized to other regions and age groups. Third, covariates included in the present study were limited. Food intakes, nutrition status, physical exercise, as well as genetic factors should be considered as potential confounding factors.
Conclusions
In conclusion, our study confirms that night-eating syndrome is significantly associated with depressive symptoms among Chinese college students. The findings of the present study suggest that healthy eating habits should be promoted to avoid psychiatric disorders among the population of college students. Future research should focus on the causal relationship between night-eating syndrome and depressive symptoms using interventional trials.
Abbreviations BMI, body mass index; CI, confidence interval; NEQ, night-eating questionnaire; ORs, odds ratios; SD, standard deviations; SDS, Self-rating Depression Scale.
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